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Based on chiral unitary approach, we construct the realistic KN local potential, which is useful 
for the quantitative calculation of ^-nuclei. Since the resonance pole structure of the KN system 
seems important for the ^-nuclei and the spacial structure of A(1405), we establish the construction 
procedure of the local potential paying attention to the scattering amplitude in the complex energy 
plane. Furthermore, for the quantitative study of the .^-nuclei, we consider the constraint from the 
recent experimental data measured by SIDDHARTA, which significantly reduces the uncertainty of 
the KN amplitude. With this new local potential, we estimate the spacial structure of A(1405) and 
obtain the result indicating the meson-baryon molecular state of A(1405). 
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1. Introduction 

Recently, the study of the multi-nueleon systems with an antikaon have been aetive, sinee the 
strong attraetion in the KN ehannel is eonsidered to lead to various interesting phenomena. The 
simplest example is the A(1405) resonanee [1,2]. Sinee it is difheult to deseribe A(1405) by the 
eonventional three-quark pieture in the eonstituent quark model, this is eonsidered to be the quasi¬ 
bound state of the KN system slightly below the threshold. Another example is the .£-nuelei [3, 
4], whieh may have the exotie strueture beeause of the strong KN attraetion. Quantitatively, the 
predietions of the mass and the width of the .^A^-nuelei are substantially different from eaeh other. 
This is beeause the KN interaetion below the KN threshold, whieh is essential for the ealeulations 
of the .^-nuelei, has not been eonstrained strongly from previous experimental data. Reeently, the 
preeise K~p seattering amplitude has been obtained from the SIDDHARTA data [5,6], whieh reduees 
the subthreshold uneertainty of the KN interaetion signifieantly. 

For a quantitative predietion of A(1405) and the .^-nuelei with sueh preeise data, we have to 
establish the reliable eonstruetion proeedure of the hadron interaetion. In this work, we eonstruet the 
KN loeal potential whieh is useful for the few-body ealeulations [7]. The potential is eonstrueted 
to reproduee the seattering amplitude from ehiral unitary approaeh, whieh is based on chiral pertur¬ 
bation theory and unitarity of the seattering amplitude, following Ref. [8]. To analyze the strueture 
of A(1405), it is neeessary to reproduee the amplitude in the eomplex energy plane. Henee, paying 
attention to the preeision in the eomplex plane and using the preeise SIDDHARTA data, we eonstruet 
the reliable KN potential applieable for the quantitative ealeulations. Furthermore, with this new KN 
potential, we investigate the spaeial strueture of A(1405). 
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2. Formulation 


To describe the KN scattering, we utilize the chiral unitary approach [9-13]. In the 5-wave meson- 
baryon system, the scattering amplitude Tij{ ^/s) at the total center of mass energy ^/s is 


Tij{ V^) - Vij{ ^^s) + Vik{ ^fs)Gk( ^fs)Tkji V^) 


(Vi-fs) 


-G(V^)r' 


Jo 


(1) 


where Vij and G, are respectively the meson-baryon interaction kernel from chiral perturbation theory 
and the loop function with the meson-baryon channel indices denoted by i, j. The amplitude Tij is 
related to the KN forward scattering amplitude = -Mn I{4n V^)rii( V^), where Mn represents 
the nucleon mass. The amplitude has two resonance poles of A(1405) in the isospin 7 = 0 channel. 
These poles are induced by the attractive interactions of the KN and ttE channels [8,14]. Here, we 
call the higher (lower) energy pole KN pole (ttE pole). 

What we want here is the single-channel KN local potential, which is easy to apply to the few- 
body systems. We construct this local potential in such a way as to produce the amplitude equivalent 
to the chiral coupled-channel approach. To this end, we use the single-channel KN interaction T®® 
extracted by the Feshbach projection. Because the lower energy ttE channel is eliminated, the effective 
KN interaction becomes a complex valued function. We first construct the energy dependent local 
potential U{r,E), 


Uir,E)=gir) 


Mn + q 

Fjj (£ -I- Mf^ + niK), 


2{E + Mn + wr/f) cokEn 


( 2 ) 


where E, En and ojk represent the nonrelativistic energy, the energy of the nucleon and the energy of 
the anti-kaon. The spatial structure of the potential is decided by g(r) which is chosen as a Gaussian, 
g(r) - where b is the range parameter. The flux factor depending on the energy is 

determined to reproduce the original amplitude at the KN threshold in the Born approximation [8]. 
Using the local potential, we can calculate the wave function from the Schrodinger equation. From the 
behavior of the wave function at r ^ oo, the scattering amplitude E^^ can be obtained. In Ref. [8], 
the parameter b was determined to reproduce the original amplitude in the A(1405) resonance. In this 
work, we determine b to reproduce the original amplitude at the KN threshold, which is consistent 
with the determination of the flux factor. 

The previous potential (2) well reproduces the original amplitude on the real energy axis near the 
KN threshold. However, the deviation becomes large far below the threshold. To extend the reliable 
energy region of the potential, we add the correction AV{E) to the potential. 


U(r,E) = g(r); 


Mn 


oiK + En r 


reft/ 




T 




(3) 


We parameterize the strength of the potential by a polynomial in the energy for the analytic continu¬ 
ation of the amplitude in the complex energy plane, and refer to the energy range where the potential 
is parameterized as parameterized range. 


3. Potential construction 


The previous potentials in Ref. [8] well reproduce the KN amplitudes on the real axis. On 
the other hand, we find fhaf fhe amplifudes from fhe local pofenfials E^n in fhe complex energy 
plane are quite differenl from fhe original amplifudes direcfly from chiral unifary approaches 
as shown in Fig. 1. This figure shows fhe contour plof of fhe deviafion befween and F’?^, 
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AF{z) = ’ where z represents the eomplex energy of the two-body sys¬ 

tem. Related to the deviation in the eomplex plane, the resonanee poles of A(1405) are also different 
from the original ones (the pole position from the loeal potential is 1421 - 35/ MeV. On the other 
hand, the original pole positions are 1428 - 17/ MeV and 1400 - 76/ MeV). Henee, we should estab¬ 
lish the improved eonstruetion proeedure of the loeal potential paying attention to the amplitude in 
the eomplex plane. 

First, we foeus on the energy region near the real energy axis around the KN pole. From Fig. 1, 
we find that the deviation around the A(1405) energy region is larger than the other region. This 
is beeause in the previous work, AV in Eq. (3) was added only in the region below 1400 MeV. 
Furthermore, AV was a real number, eonsidering that the real part in V®|^ is larger than the imaginary 
part. In this work, we add AV in the region around the KN pole, 1332-1450 MeV, and introduee the 
eomplex eorreetion AV to reproduee the original amplitude near the A(1405) resonanee region. For 
the estimation of the improvement, we define the average deviation AFreai between the amplitude 
from ehiral unitary approaeh and from the loeal potential on the real axis, 

AFreal - -7;-■ 

J d^s\Ff^{^s)\ 

As a result of the above improvements, Afreai is largely redueed from 1.4 x 10~Mo 4.8 x 10~^, 
whieh leads to the improvement of the KN pole position (the position is 1421 - 35/ MeV from the 
previous potential, and 1427 - 17/ MeV after the improvements, in eomparison with the original 
position,1428 - 17/ MeV). We eall the new potential “Potential I” and the eontour plot of AF in 
the eomplex plane is shown in Fig. 1. From this figure, we find fhaf fhe “preeise region” satisfying 
AF < 0.2 is exfended over fhe KN pole. 

Though fhe KN pole is reprodueed by fhe above improvemenfs, fhe jfL pole far from fhe real 
axis does nol appear. Therefore, we add anofher improvemenf fo reproduee fhe amplifude far from 
fhe real axis. In prineiple, if we eomplefely reproduee fhe original amplifude in fhe whole range on 
fhe real energy axis, fhe amplifude in fhe eomplex plane should be same as fhe original one. Henee, 
we broaden fhe parameferized range and inerease fhe degree of fhe polynomial from fhe fhird order 
fo fhe fenfh order. We fesf fhe various paramefrized ranges and find fhe besf pofenfial whieh almost 
reproduees the original KN and ttS poles, 1428 - 17/ MeV and 1400 - 76/ MeV (the pole positions 
from the loeal potential are 1428 - 17/ MeV and 1400 - 77/ MeV). We eall this potential “Potential 
II” and the eontour plot of AF in the eomplex plane is shown in Fig. 1. From this figure, we find fhaf 
fhe preeise region is exfended near fhe ttE pole. 

4. Application 

Applying fhe above eonsfruefion proeedure of fhe loeal pofenfial fo fhe amplifude of Refs. [15, 
16], we eonsfruefed fhe mosf reliable KN pofenfial wifh fhe SIDDHARTA dafa. We eall fhe pofenfial 
in isospin 7 = 0 SIDDHARTA potential (7 = 0). The eontour plof of AF is shown in Fig. 2. From fhis 
figure, if is seen fhaf SIDDHARTA pofenfial (7 = 0) well reproduees fhe original amplifude in fhe 
eomplex energy plane. As a resulf, we obfain fhe poles of A(1405) af fhe same posifion as fhe original 
ones in fhe aeeuraey of 1 MeV. 

In fhe same way, fhe KN loeal pofenfial for fhe 7=1 ehannel, SIDDHARTA pofenfial (7 = 1), 
is eonsfruefed. Wifh SIDDHARTA pofenfial (7 = 0) and SIDDHARTA pofenfial (7 = 1), we ean 
caleulafe few-body systems. 

Finally, using SIDDHARTA pofenfial (7 = 0), we estimate fhe KN disfanee, fhaf is, fhe spaeial 
sfruefure of A(1405). Solving Sehrddinger equafion, we obfain fhe KN wave funefion in s wave. 
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Fig. 1. The contour plot of AF(z) = “ Fkn(z)) previous potential in Ref. [8], Poten¬ 

tial I, and Potential II. The unfilled region corresponds to large deviation, AF > 2. Precise region is defined as 
AF < 0.2. The crosses represent the original pole positions of A(I405). 
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Fig. 2. The contour plot of AF of SIDDHARTA potential (/ = 0). Precise region is defined as AF < 0.2. The 
crosses represent the original pole positions of A(1405). 


With this wave function, we calculate the root mean squared distance, and obtain the result, 1.44 
fm. Comparing with the charged radii of the proton (0.85 fm) and K~ (0.55 fm), the KN distance is 
relatively larger, which means the meson-baryon molecular state of A(1405). 
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